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PREPARATION AND CHARACTERIZATION OF INCLUSION COMPLEXES OF
Β-CYCLODEXTRIN WITH 1-BUTYL-3-METHYLIMIDAZOLIUM
TETRAFLUOROBORATE ([BMIM][BF4])IONIC LIQUID
ABSTRACT
The interaction between β-cyclodextrin and ionic liquid 1-butyl-3-methylimidazolium
tetrafluoroborate ([Bmim][BF4]) had been studied. The inclusion complexation interaction
was confirmed by FT-IR spectra. The inclusion complex was also characterized by 1H NMR,
TGA and DSC. The results showed that the host-guest system presented a channel type
structure and each glucose unit of β-cyclodextrin was in similar environment. The
decomposition temperature of inclusion complex was lower than that of [bmim][BF4] and β-
cyclodextrin individually. The ratio of 1:1 inclusion complex was determined in this study.
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PENYEDIAAN DAN PENCIRIAN KOMPLEKS-KOMPLEK KEMASUKAN
Β-CYCLODEXTRIN DENGAN CECAIR IONIK, TETRAFLUOROBORAT 1-
BUTYL-3-METHYLIMIDAZOLIUM ([BMIM][BF4])
ABSTRAK
Sifat dan interaksi di antara β-cyclodextrin dengan cecair ionik, tetrafluoroborat 1-butyl-3-
methylimidazolium ([Bmim][BF4]) telah dikaji dalam kajian ini. Interaksi komplek-kemplek
kemasukan ini telah dikenal pasti melalui teknik spektroskopi FTIR. Ciri-ciri komplek-
kemplek kemasukan ini juga dikaji dengan 1H NMR, TGA and DSC. Keputusan kajian ini
menunjukkan sistem “host-guest” yang terhasil daripada interaksi ini mempamerkan struktur
terowong (channel-type) dan setiap unit glukos yang terdapat pada molekul β-cyclodextrin
berada dalam persekitaran yang sama. Suhu penguraian komplek kemasukan ini juga adalah
lebih rendah daripada molekul asal bagi [bmim][BF4] dan β-cyclodextrin. Ratio 1:1 komplek
kemasukan juga diperoleh melalui kajian ini.
iv
UNIVERSITI MALAYA
ORIGINAL LITERARY WORK DECLARATION
1) Name of Candidate : Norashikin bt Othman
2) I/C Nu. : 850216-11-5458
3) Name of Degree : MSC Analytical Chemistry and Instrumental Analysis
4) Title of Project/Research Report/Dissertation/Thesis (“this Work”) :
Preparation and characterization of Inclusion Complexes of β-Cyclodextrin with 1-butyl-3-
methylimidazolium tetrafluoroborate ([Bmim][BF4])Ionic Liquid
5) Field of study :Supramolecular and Analytical Chemistry
I do solemnly and sincerely declare that:
1) I am the sole author/writer of this Work;
2) This Work is original;
3) Any use of any work in which copyright exists was done by way of fair dealing and
for permitted purposes and any excerpt or extract from, or reference to or
reproduction of any copyright work has been disclosed expressly and sufficiently and
the title of the Work and its authorship have been acknowledged in this Work;
4) I do not have any actual knowledge nor I ought reasonably to know that the making of
this work constitutes an infringement of any copyright work;
5) I hereby assign all and every rights in the copyrights in the copyright to this Work to
the University of Malaya (“UM”), who henceforth shall be the owner of the copyright
in this Work and that any reproduction or use in any form or by any means
whatsoever is prohibited without the written consent of UM having been first had and
obtained;
6) I am fully aware that if in the course of making this Work I have infringed any
copyright whether intentionally or otherwise, I may be subject to legal action or any
other action as may be determined by UM.
Candidate’s Signature Date:
Subscribed and solemnly declared before,
Witness’s Signature Date:
Name:
Designation:
vACKNOWLEDGEMENT
I would like to express my utmost gratitude to Allah S.W.T for making it possible for me to
face all the obstacles and challenges throughout the process of completing this project.
Through Allah’s guidance and blessing I had been receiving lots of help from the people of
Universiti Malaya. I am in debt and forever grateful to the supervisor of this Work,
Dr.Sharifah Mohammad who was tirelessly patient and gracious, providing chances, advices,
and guidance during the process of completing this paper. Any errors that remain in this text
are my fault alone. Special thanks to my friend Mr.Muggundha Raoov, who I consider as a
mentor, for sharing his knowledge and experience, spending his time and energy, guiding me
without complains during the project. Thanks also to Ms Hemavathy for her sincere help in
assisting me in this project. They are a very pleasant team to work with. Above all, I would
like to thank my late mother, Hajah Aminah Saidin who will forever remain as my strength
and inspiration. I am thankful to my father, Haji Othman Serat and my family, who always
there for me giving all the support I need in completing this project. This project had become
a trigger and had synthesize a new inspiration for the so many great things that I hope to
achieve in this life. It was truly had been a very remarkable and valuable experience.
vi
CONTENT
PAGE
TITLE PAGE i
ABSTRACT ii
ABSTRAK iii
DECLARATION iv
ACKNOWLEDGEMENTS v
LIST OF CONTENTS vi
LIST OF FIGURES viii
LIST OF TABLES ix
LIST OF ABBREVATIONS x
LIST OF APPENDIX xi
CHAPTER 1 INTRODUCTION
1.1 Background of study 1
1.2 Research Objective 4
CHAPTER 2 LITERATURE REVIEW
2.1 Ionic liquid, 1-butyl-3-methylimidazolium
tetrafluoroborate ([bmim][BF4]).
5
2.2 Cyclodextrins 9
2.3 Inclusion complex 12
2.4 Inclusion complex between cyclodextrins and ionic
liquids.
14
2.5 Inclusion complex between of β-cyclodextrins with
various  compounds
16
CHAPTER 3 METHODOLOGY
3.1 Equipments and chemicals 18
3.2 Instrumentation 18
3.3 Preparation of β-CD-[bmim][BF4] inclusion complex
by Kneading method.
18
vii
CHAPTER 4 RESULT AND DISCUSSION
4.1 Characterization of inclusion complex
4.1.1 Fourier Transfer-Infra Red (FTIR) Analysis 19
4.1.2 1H NMR Spectroscopy 22
4.1.3 Differential Scanning Calorimetry (DSC) 25
4.1.4 Thermogravimetric Analysis (TGA) 27
4.1.5 Proposed mechanism of Inclusion Complex 29
CHAPTER 5 CONCLUSION
5.1 Conclusion 30
REFERENCES 31
APPENDIX 36
viii
LIST OF FIGURES
FIGURES PAGE
2.1 Chemical structure of [bmim][BF4] 5
2.2 Chemical structures of cyclodextrins 9
2.3 a) Central cavity of β-CD, b) Doughnut or wreath-truncated cone shape
of β-CD molecule
11
2.4 Dimensions and hydrophilic/hydrophobic regions of the CD molecules 11
2.5 Cyclodextrin with empty cylinders rings structure (Connors, 1997) 12
2.6 Schematic representation of host-guest inclusion complex formation 13
4.1FT-IR spectra of a) β-CD, b) [bmim][BF4] and c) β-CD-[bmim][BF4]
respectively.
20
4.2 NMR spectrum of a) β-CD, b) [bmim][BF4] and c) β-CD-[bmim][BF4]
inclusion complex.
23
4.3 DSC curves of a) β-CD, b) [bmim][BF4] and β-CD-[bmim][BF4]
inclusion complex.
26
4.4 TGA the weight loss curve of a) β-CD, b) [bmim][BF4] and
c) β-CD-[bmim][BF4]
28
4.5 Inclusion mechanism of β-CD reacts with [bmim][BF4] 29
ix
LIST OF TABLES
TABLES PAGE
2.1 Physical and chemical properties of [bmim][BF4] 6
2.2 Properties of Ionic liquid and their potential and current applications 8
2.3 Chemical and physical properties of α-CD, β-CD and γ-CD 10
2.4 Previous studies on inclusion clusion complexes and their finding 16
4.1 Wavenumber of FT-IR bands of β-CD and β-CD-[bmim][BF4] 19
4.2 Wavenumber of FT-IR bands of [bmim][BF4] and β-CD-[bmim][BF4] 21
4.3 Chemical shifts (δ) of β-CD, [bmim][BF4] and β-CD-[bmim][BF4] 22
xLIST OF ABBREVATIONS
CD Cyclodextrin
CDs Cyclodextrins
IL Ionic Liquid
ILs Ionic Liquids
IC Inclusion Complexes
°C Temperature
1H NMR Proton-Nuclear Magnetic Resonance
NMR Nuclear Magnetic Resonance
DSC Differential Scanning Calorimetry
FTIR Fourier Transform Infra Red
TGA Thermogravimetric Analysis
UV Vis Ultra Violet-Visible Spectroscopy
XRD X-Ray Diffraction
xi
LIST OF APPENDIX
APPENDIX PAGE
A     Fourier Transform Infrared Spectroscopy (FTIR) 36
B 1H NMR Spectroscopy 38
C     Differential Scanning Calorimetry (DSC) 40
D     Thermogravimetric Analysis (TGA) 42
E     Equipment & Chemical 44
